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Abstract

Weather information is needed for smart decisions because uncertainties in
weather phenomena are beyond capacity of smallholders for autonomous
responses. The study analyzed determinants of farmers’ use of weather informa-
tion as smart adaptation strategy. Arable crop farmers were sampled in the derived
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savannah agro-ecology area of Ondo State, Nigeria. Heckman probit model
estimates show that gender and agricultural extension services were significant
positive drivers of farmers’ access to weather information. Should weather
information becomes an alternative adaptation strategy, access to credit was
found as the major driver of farmers’ propensity to use weather information
before taking climate smart agricultural decisions. Further results reveal that
increasing knowledge of onset date, large farm size, and access to agricultural
extension services significantly reduced farmers’ propensity to use improved
weather information for smart decisions in the dry savannah area.

Keywords

Extreme weather · Weather information · Adaptation responses · Smart
decisions · Heckman Probit · Ondo State

Introduction

Climate change is a particular threat to continued economic growth and livelihoods
of vulnerable populations (UNEP 2018). The United Nations Development
Programme (2011) confirms that Africa faces considerable challenges in adapting
to the long-term impacts of climate change and extreme climate events. Extreme
events have led to severe economic losses over the years and have increase farmers’
needs for weather forecast information that will enable predictions beyond
the timeline of indigenous knowledge in decision-making processes. Agricultural
stakeholders have to contend with the high vulnerability due to low levels of
adaptive capacity and poor weather services across many developing economies.
Ensuring that decision makers and end users especially smallholders are able to
respond to the medium- and-long-term implications of climate change is important
in promoting climate-resilient development (Ziervogel and Zermoglio 2009).

Jones and Carabine (2013) observed that the need for medium- and long-term
climate information to support climate-resilient development planning in Africa is
clear to generate long-term strategies for loss and damage, adaptation finance,
climate resilient agricultural practices, and other variants such as climate-compatible
development. In the Sub-Sahara Africa, farming systems are highly reliant on
prevailing environment, and the existence of traditional knowledge offers elements
of resilience (FAO 2011).

In managing the adverse impacts of extreme climate events and climate variabil-
ity, local farmers have to adjust to harsh weather conditions by relying on weather
forecast services which would help moderate potential damage and adverse conse-
quences. The accessibility and usefulness of weather information are therefore
critical factors that will affect farmer’s ability to adapt (Alston 2013; Serna 2011;
Bryan et al. 2009).

In Nigeria, the agricultural production system is predominantly rain-fed, hence
highly vulnerable to seasonal variability which affects agricultural livelihood of
smallholders and landless laborers who depend on agriculture, as one of the most
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vulnerable countries among developing African economies (Vermeulen et al. 2012).
The impacts of long droughts and deficit rainfall will be mostly felt by the rural
population who represent over 80% of the Nigerian population who have less means
to adapt and/or diversify their livelihoods (World Bank 2013). Nigeria may lose
about 11% of GDP ($460 billion) to drought risk event by 2020 and about 25%
by 2050.

Smallholders usually depend on traditional weather predictions in taking produc-
tion decisions (Mugabe et al. 2010). A variety of traditional indicators have been
developed in taking decisions weather-dependent farm management decisions. Over
time, some traditional weather and climate indicators consequently are no longer
patterned base on existing climate behavior (Sanni et al. 2012). Variability in weather
parameters has resulted into significant changes in agricultural production cycle such
that farmers can no longer accurately predict start and duration of rainfall seasons by
relying on indigenous knowledge (Awolala 2018; Madzwamuse 2010). Weather
information has shown potential for improving resilience of agriculture to climate
shocks and uncertainty, as a fundamental basis upon which smallholders will adapt
to effects of climate change (Food and Agriculture [FAO] 2013, 2015).

Nigeria plans “Climate-Smart Agriculture” under the Nigeria’s National
Determined Contributions of COP21 Paris Agreement for which weather and cli-
mate information services are foremost safety nets. Adapting to impacts through
access to timely weather forecasts and other adaptive mechanisms are foremost in
Africa’s policy dialogues and socio-economic development agendas (Oyekale
2015).

Policy makers’ have thus considered several alternatives for enhancing farmers’
adaptive capacity in the face of changing climatic parameters. A national strategy
towards climate resilience, therefore, is to strengthen local resilience and adaptive
capacity of vulnerable smallholders to facilitate their investments in Climate Smart
Agriculture National Adaptation “Action” Plan towards a resilient agricultural sector
(IFAD 2017; CCAFS 2015). One of the strongly identified pathways to meet this
Action Plan is the utilization of weather and climate information to facilitate
smallholder decisions for adaptation planning. Despite the inherent uncertainties
that are associated with climate science and weather forecasting in making informed
decisions on agricultural investments aimed at optimizing use of scarce resources
available, there is no enough evidence of understanding gaps in the uptake
of weather forecast information for long-term strategies of climate resilience, par-
ticularly in the Sub-Saharan Africa including Nigeria (African Climate Policy Centre
[ACPC] 2011).

While studies in developed countries reveal that farmers benefit substantially
from using seasonal forecasts (Mjelde et al. 2000), seasonal weather information has
nevertheless been found to have very minimal impacts as it remains largely
unutilized by smallholder farmers in Nigeria despite facing food deficits (Awolala
2018). This study analyzed major drivers of farmers’ use of weather information as
basis for adaptation decisions in the savannah area of Ondo State, Southwest of
Nigeria.
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Materials and Methods

The study site was the Derived Savannah agro-ecology of Akoko North-West Local
Government Area of Ondo State, Nigeria. Akoko North-West is located between
latitudes 7� 380 and 7.6� 27.60 N and longitudes 5� 470 and 5.8� 38.40 E of the equator
with an elevation of 486 m in Guinea Savannah agro-ecological zone (accessed from
Google maps, 2017). Akoko North-West Local Government Area has an estimated
population of 213,792 and covers a total area of 512 km2 (National Population
Census 2006). Ondo State is located in the Southwest of Nigeria, entirely within the
tropics with tropical climate broadly classified into rainy season (April–October) and
dry season (November–March). Temperature throughout the year ranges between
21 �C to 30 �C and humidity is relatively high. The annual rainfall varies from
2,000 mm in the south to 1,150 mm in the north. Ondo State enjoys luxuriant
vegetation with high forest zone (rainforest) in the south and subsavannah forest in
the northern fringe (accessed from http://www.coastalnews.com/profile/govern
ment-profile profile) (Fig. 1).

Cross-sectional data used for this study were obtained using a structured
questionnaire administered during a farm field survey of arable food crop
farmers. Multistage sampling technique was used to select the respondents.
In the first stage, Akoko North-West Local Government Area (LGA) was
purposively selected in guinea savannah agro-ecological zone of Ondo State given

Fig. 1 Map of Akoko North-West showing selected villages in Ondo State
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its dominance of major production of cereals and high dry vegetation. This zone is
characterized by low rainfall and long dry period. The savannah area, however, has
the potential for producing major food staples in meeting consumption and export
requirement towards 2023 National Food Security Agenda in the State. In the second
stage, eight farming communities were randomly selected from Akoko North-West
LGA using a simple random sampling technique. The final stage involved the
random sampling of 20 respondents in each farming community which resulted
into a total of a hundred and sixty respondents sampled for the study.

Econometric Model

Heckman Two-Step Procedure

Heckman Probit Model was used to Analyse Determinant of Smallholders’ Use of
Weather Information in decision making processes. When a decision process by
farmers to adopt an innovative strategy requires more than one step, models with
two-step regressions are usually used to correct for the selection bias generated
during the decision-making processes which implies the use of Heckman’s Sample
Selectivity Probit Model (Heckman 1976; Maddison 2006). For model specification,
the first step involved the analysis of determinants of access to weather forecast
information (selection model) and the second step was the smart decision taken,
conditional on the first stage of access to weather information (outcome model),
adapted from Awolala et al. and Oyekale (2015). The Probit model for sample
selection assumes that there exists an underlying relationship. The latent equation is
given by:

y�j ¼ x jβ þ u1j ð1Þ

Such that the binary outcome is only observed given by the Probit model as:

yprobitj ¼ y�j > 0
� �

ð2Þ

The dependent variable is observed only if the observation “j” is observed in the
selection equation:

yselectj ¼ z jδþ u2j > 0
� � ð3Þ

u1 � N 0, 1ð Þ
u2 � N 0, 1ð Þ
corr u, u2ð Þ ¼ ρ

where, x is a k- vector of regressors, z is an m-vector of regressors; u1 and u2 are error
terms jointly normally distributed, independently of x and z with zero expectations.

Smallholders Use of Weather Information as Smart Adaptation Strategy in. . . 5



When ρ 6¼ 0, standard Probit techniques apply to Eq. (3) give biased results. Hence,
the Heckman Probit provides consistent, asymptotically efficient estimates for all
parameters in such models (StataCorp 2003). Therefore, to analyze the determinant
of farmers’ utilization of weather forecast information in taking specific adaptations
decisions, the marginal effects of a unit change in an independent variable on the
probability P(Z ¼ 1| X ¼ x) were obtained given that all other variables are held
constant. It is mathematically expressed as:

δP Zi ¼ 1jxið Þ
δxi

¼ δE Zi ¼ 1jxið Þ
δxi

¼ φ x0iβ
� � ð4Þ

Table 1 presents variables that were analyzed in the Heckman two-step econo-
metric model.

Table 1 Variable list for the econometric analysis

Variables Descriptions Measurements

Dependent variables

Agricultural smart
decisions

Smart agricultural decisions taken by farmers,
given weather information received (Yes ¼1)

Yes ¼ 1; 0 if
otherwise

Farmer’s access to
weather information

Farmer has access to weather information

Independent variables

Gender Gender of farmer Female ¼ 1;
0 if otherwise

Farming experience Farming experience of household head Number

Farm size Farm size cultivated Hectares (ha)

Credit Access to agricultural credit finance Yes ¼ 1, 0 if
otherwise

Agricultural extension
access

Access to agricultural extension services Yes ¼ 1, 0 if
otherwise

Farmers Group
membership

Hold membership of Farmers Group Yes ¼ 1, 0 if
otherwise

Access to weather
forecasts

If farmer receives weather information Yes ¼ 1, 0 if
otherwise

Weather information

Rainfall onset date Rainy season onset date Yes ¼ 1, 0 if
otherwise

Cessation date Rain cessation date Yes ¼ 1, 0 if
otherwise

Agricultural decisions

Taking Smart
Agricultural decisions

Has taken smart adaptation practices Yes ¼ 1, 0 if
otherwise

Source: Authors 2017
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Results and Discussions

Drivers of Farmers’ Use of Weather Information for Smart Decisions

The result from the Heckman two-step regression estimates result in Table 2 reveals
that access to credit is a major driver increasing farmers’ propensity to adapt with
climate-smart practices at 5% level of significance while increasing access to
information onset date, farm size, access to extension reduce farmers’ their ability
to take climate-smart actions in the derived savannah area. However, gender and
access to agricultural extension service were major drivers positively facilitating
access to weather information while farmers’ experience negatively influence
farmers’ access to weather information in the derived savannah area of Ondo
State, Nigeria.

Access to credit has a positive coefficient with the adoption of climate-smart
practices ( p<0.05). An increase in access to credit will increase the likelihood that
farmers would adopt climate-smart adaptation practices conditional on access to
weather forecast information. It is viewed that with credit facilities, interested
farmers will be able to bear the cost associated with climate smart practices. For
instance, when there is a forecast that rainfall is likely to be unusually low, farmers
can grow crops that are drought resistant and sensitive to water availability

Table 2 Heckman estimates of major drivers of farmers’ use of weather information

Variables Coefficient Standard error
Z-
value |P>z|

Taken smart agricultural decisions

Access to rainfall onset date �0.2677499 0.1405112 �1.91 0.057a

Access to rainfall cessation date 0.1754594 0.1307748 1.34 0.180

Farm size in hectares �0.0765449 0.0403879 �1.90 0.058a

Access to agricultural extension
service

�0.0335072 0.3270912 �0.10 0.918

Access to credit 0.2943015 0.1500301 1.96 0.050b

Constant 0.6239116 0.5747793 1.09 0.0278b

Access to weather information

Gender 0.9495208 0.2676775 3.55 0.000b

Farming experience �0.0417005 0.0096622 �4.34 0.000b

Access to agricultural extension
service

0.736214 0.3857535 1.91 0.056a

Constant 0.3007832 0.4244483 0.71 0.479

Total observations 160

Censored obs 99 Uncensored
obs

61

Prob > chi2 0.0621

Source: Field Survey 2017
aStatistically significant at 0.05
bStatistically significant at 0.1
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to improve profit unlike farmers who also received forecast information but lack
access to credit. Therefore, credit facility should be strengthened for smallholders’
adoption of climate-resilient technology adaptation actions in the derived area.

Seasonal rainfall onset date and farm size both have negative coefficients with the
adoption of climate-smart adaptation practices ( p<0.05). An increase in access to
seasonal rainfall onset date, likewise increase in farm size, will reduce the likelihood
that farmers would adopt climate-smart adaptation practices conditional on access
to weather forecast information. These are important policy drivers that should
be addresses because they signal danger to farmers’ adaptation with climate-smart
practices conditional on access to weather forecast information. There are certain
socioeconomic and cultural factors which might be responsible for such findings. It
is also believed that medium and large-scale farmers might be reluctant in taking
climate-smart decisions due to the huge costs involved.

The positive coefficient of gender and access to extension service are both
significant at 5% level ( p<0.05). The result implies that male farmers are more
likely to have access to scientific weather forecast information unlike their female
counterparts. It thus becomes obvious that this male farming population should be
given attention as major pathway to ensure farmers’ resilience with regards to
utilization of scientific weather forecast information.

Likewise, increase in access to agricultural extension service, it will be more
likely that farmers would have access to weather forecast information in the study
area. This is because the role of agricultural extension is critical to move weather
forecast information from weather service providers especially the Nigerian
Meteorological Agency (NiMet) and other weather forecast agencies in other
to ensure a return on investment by translating new knowledge into innovative
practices which will enhance farmers’ resilience.

Further results explained the negative coefficient of farmers’ experience with
access to weather forecast information ( p<0.05). As farmers’ experiences increase,
there is a declining likelihood that they will have access to scientific weather forecast
information. This might be attributed to their over reliance on traditional experience
and knowledge of monitoring weather with local indicators in the study area. This is
another important policy variable indicating that there should be improvements in
farmers literacy and awareness campaign to encourage the use of scientific-based
weather forecasts information to help facilitate climate-smart adaptation actions
other than traditional forecasting techniques in the dryland. Table 2 presents the
econometric results of factors influencing the use of weather information for smart
decisions in the study area.

Conclusions and Policy Recommendations

Access to rainfall cessation date has a positive significant effect on farmers’ use of
improved weather information. Increasing access to seasonal rain probabilities
forecast through information sharing increases the likelihood that farmers will use
improved weather information for smart production decisions. Weather services
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such as rainfall forecasts and advisory planting calendars based on length of
growing season should be location specific and timely communicated by the
Nigerian Meteorological Agency (NiMet) in a mode that is understood at farmers’
level. Such information on rainfall cessation date is considered significantly helpful
for farmers adaptation planning and resilience.

Credit also significantly facilitates farmers’ use of weather information in taking
climate-smart decisions. It is viewed that with credit facilities, interested farmers will
strengthen their adaptive capacity to afford whatever transaction cost that might be
associated with climate smart practices if they have adequate financial assistance.
Better incentive-based credit facility should be developed as a farmer-oriented
financial product to strengthen smallholders’ decisions for climate-resilient technol-
ogy actions in the dry land area. Similarly, Policy makers should ensure functioning
financial institutional services especially rural access to bank credits and informal
credits are available to help farmer’s withstand unforeseen circumstances that may
arise from investing in innovative climate smart practices.

In terms of access, male farmers were found to have more access to weather
information. Agricultural decisions are traditionally considered as responsibility of
the household head, and most of the times, it is the male gender. Therefore, weather
information utilization could be more guaranteed when male farmers are used as an
entry point to allow for quick and wider coverage among farmers given their strong
influence as decision makers. Policy makers and agricultural stakeholders at the
federal, state, and local government levels must ensure that rural education is
provided for male household heads to fast-track local uptake of improved weather
information as weather risk adaptation strategy.

Better access to agricultural extension services also increase farmers’ likelihood
to have access to weather forecasts. Agricultural Extension Department at the
Ministry of Agriculture and Rural Development must ensure that periodic extension
education and training services serve as opportunities to share updated information
on weather with farmers and provide advisory services on smart agro-weather
management technologies. A functional and effective extension service system has
great potential in facilitating early action on weather risk management through
climate smart practices by the increasing farming population in the derived savannah
area of Ondo State, Nigeria.

These drivers should be considered for a review as strategies for implementing
the National Climate Smart Agriculture Adaptation Plan (NCSAAP) in Ondo State,
Nigeria, as stated in the revised National Agricultural Policy which targets agricul-
tural livelihood resilience towards meeting the 2030 National Food Security Agenda.
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